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(54) Title: DEVICE FOR DELIVERING DEFINED VOLUMES 



(57) Abstract 

A liquid dispensing device (90A) for delivering 
defined volumes comprising (a) a reagent fill channel 
(12) (b) one or more metering capillaries (14A-14C) 
connected to the reagent fill channel (12) and having an 
exit and (c) one or more sources of gas (41) connected 
to the reagent fill channel (12), wherein after filling 
tHe-one-or-more-metering-capiUaries_(.lM^i4C)_^e 



9QA 



reagent fill channel (12) can be drained of liquid while 
liquid is retained in the one or more metering capillaries 
(14A-14C), and the source of gas (41) can be operated 
to eject the liquid in the metering capillaries (14A-14C). 
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Device for Delivering Defined "oluraes 

Anice f r delivering defined 

or synthetic processes. w disBens ing 

u „f related amplications have been 
A number of related ape Pat ent No.: 

5 , st ™s that - -««-^— 'f" 1 3 ; s ,c. fc . n^,- 

06/154.771. tiled W 31. "95 (Dkt. » ^ _ D ^ m „ t 

(APPUCa "M o . 68, filed «a, 31. .995 <*«. 

114 „ZO; U... •>■ 08 '" , tlon „„. 08/556,036. filed », 

11402F); U.S. Patent No. „ 876 (tkt . So. 11717) ; 

.... 4W Hc..i«« No. 08,556.423 .1' ^ ^ 

u . s . plication No. 08,6«,96 . «, 0 19 * 

, 1996 (Dkt. No. 12385A) • The- patents and anpHcat 
Lrpoaced netein o, refexence in thai, entirety 

The invention addresses the problem of distributes metered volumes of hquids » 
20 . muUtpHcty of m,cro.scaled s,,es such as reaction sues. The mvenuon proves an 
inexpensive device for distributing multiple small volumes. 

Svsums are being developed ttat allow for compte chemistries o, o,he, rn^g 

_-p ro „be,o,du«ed^^^ 

s i,es - i„ a relatively smaU device. Some of the applications for such h, S h densuv devces 

,5 for relaying liquids do not require precise metenng of the liquids dtspensed ,n«o a 

panJarliteOtherapplicai.ons.however.placeagreaterprem.umonprec.emetet.ng 

mixtng. .n many cases, precise metering Is oniy needed in limited pans of the ptoce , 

The hi* predion device of the present invent.on, in a preferred embodiment, allows a 
30 receiving substrate ,0 be attached ,0 inject metered amounts of liouid to de ned pos,,,ons 
of the receiving substrate. Several reagents can be dispensed ,n sequence through d» 
device by clearing the used channels by ..propria, use of purging gas or vacuum 
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«= - W on. or more sourCK of oaj < * ' »— <» *a„„e, and ^ ^ 

'° *— -o e,ec, *. , iquid in , he 0M of ■ I ■ - -» source of sas ca „ 6e 

* or rore said rsa3em m ™ ™7 CaPi,WeS * d „, ce 

« *„* , wo or more ; ; e » .o **** m separaIe 

]5 <°"*— »ere a8 e Mfi , channel J ~ 

— nhercMpnsesa - '"»-o 4mM . 

sequentially and li near i v „ - e <]uent!aJIy activating the "as cn.. P 

In -other embodiment rh • °' ™^ ™ 

*«* « (2) a ,ra,f e , device J ^ h d '"~ *» - above te cr,oed 

«■*« suter^e receivK • '' whtrein 

i„ Us . PatCTt No ' « to*, device Juch ^ js 

„«, M) . Pre^^" 0 ^ 0 " 5 ««. %il , 

«*■» and lhe apparaus - 6 ne„c, el e c , nca , or o P , ica , alisnmem 

etenc , o xr e recavins 

.h= «W rarkers 0 „ ^ *"» fining the relano , B 

= -^-a„ dp ro duci „ gcroespondinga|ra] 
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data «, a controller for receiving ***** «• *» *• -P— ^ *** 

and operate .he mconzed transfer device to improve ,he alignment data 

„ ^ another «,bodirr,,t. the invention provdes a method of dispense two or 
„,ore liquids into two or more mixing sites on a receiving substrate comprising: 0) ... 
5 proving a f,tst and a second liquid dispensing device of the invention with the receiving , 
substrate M with the firs, liquid dispensing device; (ii) dispensing, from the first 
„,uid disper^ng devce, a first liquid to the mtxtng sttes; (iii) moving the ,ece,vng 
sub ~a,e to altgn with .he second liquid dispensing device; and (iv) dispensing, from the 
second i.ouid dispensing devce, a second liquid to the mtxing sites, in another op„o, .he 
,0 invention proves . method of dispensmg two or more iiqu.ds .nto two or more m.x,ng 
si ,es on a receivtng s..bs,ra,e comprising: © providing a liquid dispensing dev,ce of clam 
, m ,he receding subs,a.e aligned therewith; (i.) dispensing, from the l„u,d 
dispense, devce, a fir, U.u.d «o .he .wo or more mK ,n S sites; (i..) fining one or more 
r eagen. fill channels of ,he liquid distribution devce with a second liqu.d; and (») 
, 5 dispensing from the l.,.«d dispensing device the second liquid to the two or more „„>,ng 
sites. 

Rrief Descrip tion of the Drawings 

Fi»»re 1A shows a three-dimensional representation of a liquid dispensing devce 
20 ooa whiie^ure « shows a liquid discing devce 90B that further includes a reagent 

sink channel 17. 

Figures 2 A, 2B and 2C show cross-sectional representor, of the Uqu.d 

dispensing device 90 at various stages-of^peration- ; — 

i ■ a or ;n fionrf ~> bu* without mesas at the top 
Figure 3 shows the dispensing deuce as in figure _ t>u. wun 

->5 or bottom of metering capillaries. , , . . 

Figure 4 shows a statural representation of the intenor of a liquid dispensing 

device when viewed from below. 

Figure 5 shows a structural representation of the interior of the liquid o.speosmg 
devce of Figure 4 when viewed from a side of the iong a*,sof a reagent f,U channel, as 

30 indicated in Figure 4. 
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» ^-^ , irrr' ,,,, '' h, -' ta - ta '---- 

^ cha„ Be | 0flheIj<|uidd . sp . ns . ngdev . ce : ISOfa ^P"'- channel and areagenlfil| 

**. * , ■ *„ Vlewed J ~" iTOn0r ° f ^ ******* 
F '8»r,l 3Ashowsa f 

,» snows M / ™ "-I an out|n of a 

20 - Msl -°"—ch mesas Figured shows a side v ieivo f 

Definifinnc 

The following terms shall have or rh„ „ 

5 ^-io»s shal, con,ro, ov , r any '7 * *• ,he rerm 

found herein: " ° f ' ""'^ —*« based on other ,ex, 

•capillary dtae„sj 0n! 

»•*"■»*« 500 »», ° Preferably channels , e 
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• capillary barrier 

A "capillary barrier" is a barrier to fluid flow in a channel comprising an opening of the 
channel into a larger space designed to favor the formation, by liquid in the channel, of an 
energy minimizing liquid surface such as a meniscus at the opening. 
5 • mesa 

A "mesa" is a protrusion on which the entrance or exit of a metering capillary is located. 
Preferably, the mesa serves to reduce the surface area adjacent to the entrance or exit at 
which a liquid can be retained by a wetting phenomenon. 

• metering capillaries 

10 A "metering capillary 71 is a channel designed to fill to a known amount of liquid, which 
amount can then be dispensed with gas pressure. 
Detailed Description of the Invention 

Described elsewhere in co-pending patent applications, such as U.S. Patent No. 
(No. 08/556,036, filed May 3 1, 1995, Dkt. No. 11402G), and U.S. 

15 Application No. 08/744,386, filed November 7, 1996, (Dkt. No. 12385A) are small- 
scaled liquid dispensing systems that allow the distribution of liquids to a large number of 
sites, such as 10,000 sites arrayed on a 4 X 4 inch glass plate. These devices are useful 
for example in combinatorial synthesis procedures. The present invention provides 
additional tools for distributing liquids to small, closely spaced sites. 

20 In Figure 1 A is shown a three-dimensional representation of a liquid dispensing 

device 90 A Solid arrows in the illustration indicate the direction of liquid flow and 
hollow arrows indicate the direction of gas flow for fluid transfer. Liquid is introduced 
ffonTaTsourc^ 

Excess liquid in the reagent fill channels drains through the excess fluid outlet 13. The 
25 outlet can connect with a reagent sink channel which can provide a channel of capillary 
dimensions to enhance capillary flow through the liquid dispensing device 90A. Figure 
IB shows a liquid dispensing device 90B with a reagent sink channel 17. The liquid flow 
can be the result of capillary flow processes or can be the result of pumping. In flowing 
through the reagent fill channel 12, liquid enters ar.d fills a series of metering capillaries 
30 14, for example first metering capillary 14A, second metering capillary 14B and third 
metering capillary 14C. Capillary barriers formed at the exits of the metering capillaries 
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can prevent premature ejection of the liquid from the metering capillaries 14. The 
dimensions of reagent sink channel can be selected to promote capillary flow through the 
channel and thereby through reagent fill channel 12, or, in the case where flow into the 
reagent fill channel is promoted by a pump, the dimensions are selected so that excess 
5 pressure is relieved by liquid flow from the reagent fill channel 12 to the excess fluid 
outlet 13, where such excess pressure might otherwise cause liquid to be ejected from the 
metering capillaries 14. 

Figures 2A - 2C illustrate the liquid dispensing device 90 formed in a substrate 
made of three layers of material, namely first layer 21, second layer 22 and third layer 23 
10 The first layer 21 has gas pulse channels 40 and gas pulse feeders 41 leading into the 
second layer. The second layer 22 has reagent fill channels 12 leading into the structures 
in the third layer 23. The third layer 23 has metering capillaries 14 with inlets in 
communication with reagent fill channels 12 in the reagent distribution plate 22 and 
outlets. 

5 The reagent fill channel ! 2 is preferably of dimensions that are'large enough so 

that capillary forces do not inhibit draining of the reagent fill channel. Drainage can be 
enhanced by constructing a second layer 22 of a material that does not wet on contact 
with the liquids sought to be dispensed. Methods of forming thin, non-wetting coatings 
of perfluoroalkanes are described in Datta et al., U.S. Patent No. 4,252,848. 
0 Alternatively, the surface energy of a surface of a reagent fill channel can be reduced by 
coating the surface with a silicone resin or a fluorine-containing resin, thereby reducing 
wetting. Such resins are described in Mochizuki et al., U. S. Patent No. 5,652,079. The 
sides of the reagent fill channel 12 can also be rendered resistant to wetting, for instance, 
by reacting the sDrfaces with a reactive organo silane reagent such as SigmCote™ (Sigma 
Chemical Co., St. Louis, MO), dichlorooctamethylsiloxane (C^Si^C!,, Surfa-Sil ™, 
Pierce Chemical. Rockford, IL) or modified organo silane such as an 
octadecyltrialkoxysilane (Aqua-Sil™, Pierce Chemical, Rockford, IL): 

Figures 2A - 2C also illustrate an assay plate 30, located below the capillary 
metering plate 23 with reaction wells 31 of the assay plate aligned with the outlets of the 
0 metering capillaries 14. The assay plate can be aligned with capillary petering plate such 
that the outlets of the metering capillaries open into the corresponding" wells in the assay 
plate. The wells in the assay plate can be used, for example, to conduct assays, syntheses 
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. M piU.r, barrier |o , 0 „ ; „ a channel compmms an openinj of >h e 

A ' S 3 b " er * ;„ or Ihe format™, by liqutd * *• *"" d ' "* " 

^in,oa,a rSK space d= Slg nCo. 

ecrjy mini^-8 surfate sudl 15 

• i"* 5 * ' „ „it of a metering capillary is located, 

a ntotrusion on which the entrance or «.t Ota me 

^cW a ^ can be retained by a wetting phenomenon. 

. m ete4pmaries which 
0 ^meten>apillary" is a channel designed to fill to a lenow 
amount den be dispensed with gas pressure. 

DetajS^^ rations such as U.S. Patent No. 

' Xl^rem co-pendin 3 patent apphcat.ons, such as 

No 0S/55 6 ,03^ 1 ledMa y 3U199S,D k t.No.n402G).andU,. 

-^08/744386 filed November 1, 1996, (D* No. 12385A) are small- 
, pp Ucau|08/744,3S ^ & ^ ^ rf 

scaled Oe*. systems * ^ ^ ^ ^ 

5 , es , suci)00 srtes arrayed on a 4 . 4 mch B P 
for examLbinatorial synthesis procedures. The present 
* • „ JL distributing liquids to small, closely spaced sues. 

4e «eoLowsin.h=illustra, 1 on J ndica,«thed,rec,io„o f , iq u,oflowand 

Z a sL»n> *. — f„i channel K through a reagent feed let 
Cessl reagent fil> channe!, drams through the excess flutd outlet 1, Th. 
« cat* a -gen. sin, channel ,»,ch can provide a channel of capillary 

1B sboIspensing device 90S tvith a reagent stnk channel ,7. The h, 
I bel P-ary Hov, processes or can be the resnl, of pumptng. ^ 
1„1 channe, 1, houid enters a,, f„ls a series of metertng cap lanes 
, 0 I „r Lering capilla, ,4A. second metering capillary ,4B and third 
mink CapillatV barriers formed a, the exits of the metering capites 
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*— of reagent sink ch2 „ ne( cm I ™ U. The 

«- is proraoT!d a ~ * «■ - * case », ere floiv imo 
— is relleved by liqu;d J * * *-«■» are selected so tha, KCKS 

«'™g capites l4 . ih ' °« he ™"» -use liouid [0 beejKted ^ 

We offe! ^ ' 2C i " US,ra " ! "* " C,uid *P^S device 90 f„ m , . 

10 The first layer 21 h«„ . '""ay er2l, second layer -, 2 , nH ,. . . , 

y*' I has gas pulse channels 40 >„ * , lhlrd la V tr 2 J 

^eseco„d,a y e r22h J e 7* f «— '-„g jmoite 

" * %er 2, The tn , rd lw J™ *-* » ,e,d,„ g te tne ^ 

° m< * t,S '- ,n,he ^ S .m distribution plate 22 and 

The reagent fill channel^;, , 

* constructing a second " *»* °™ge can he 

W ' h - %* sough, , 0 bt aispense ^' «-■« *» no, „ on contact 

^•™..vdy, tne surface energy 0 f , sur fa- e ' ^ 
«*« - -face wt „ a sillcme ^ * £ <■ *- can h, reduced h, 
*«* Such resins are descrioed in "* ^ 

* -,i„g the sWacK ^ reststan, ,„ w „,„g, for ^ 

^^Co., Uu i 5 , MO) , d , ch J~ 

P '«e Chemic^, "™Ms,loxane (C,H,. S i,o.,c,, Surf , si( „, 

Figures 2A-. C also ill ' Ch =™«l, Rockford. 
~»* *« 3 * reaction^ f ,7 *' * 

tta - of the metering cap J ' ^ * ~*« *» «* 

= «.for K an,p, e .,oco„ duc , as5a) , ssvn , heses 



0 
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„ o*. chemica, ^ The assays «, * -* «~ * '"^ 

rea cion, or tK .s for .he pr«s«„« Of a subs.anc. SU * ,s an im m uno.. S s,y. , 
hybridizarion assay, or a nucleic acid ampliBcation assay. 
5 The exempt assay pia t e 3» can be ,«versib,y and sea,ab„ «*- » <* 

liy er 23 to form a M* * -* fo < *— " *" ^ **** ,'" 

ApphcauonNo. 08/744,386, f„ed November 7, .996 (DK. No, .2385A, and U.S. 
Application No. 08/630,0,8, « Apn, 9, ,996 (D t t. No ,2098). A p*. ™, be 
p ,aced between third Uyer and the assay P>ate as descnb* in U .S. AppScanon No 

,0 08/556,036, Sled May 3,, ,995 (Dkt. No U402G, and U.S. Patent No 

(App ,ica,,on N o. 08/630,0,8, « Ap„, 9, ,996, Dt, No ,30,8). ,T,s atter patent ,s 
hereby-incorporated by reference in ,.s entirety, ,„,he iUustrat.on. vents ,2 are forme 
ajn, to Icons we„s 3,. The ven,s32 prevent backpressure from m,e„er,n S ,n the 

di c oensing of liquids. . 

,,, us ,ra,ed,n F i g ures2A.2C l s,heopera,,onof,he,io,u.ddispensm 8 dev,ce90A 

cap U ,a„es ,4 a,so betng <M. Lioutd now ,n.o the reagent f,U channe, ,2 ,s then 
elded and „,u,d ts drained fro, the recent »,, channe, ,2. for =*amp,e by cap^y 
or throve use of gas pressure, so ,ong as the pressure ,s >— 
20 to e,ec, houid from the meteHng capiuanes. 1* draming of the reagent f, chann U 
.eaves the metertng capi.Unes -4 «ed w,,h Hourd. as ...ustrated ,n ^ ^ ^ 

6 . . , ^orrint fill channel to cause 



gas can be appuea 10 a ga» ^ — „ . A . r9IKP 

pressures inject ga,b,«y of 5 >s pu.se feeder 4,,n,o reagan, fiHchanne, U »«. 

25 »e„s 3., as umstrated in F*. 2C. If nacess,^. gas-flow through the excess ft* out... 
,3 can be b,oc k ed ,o maintain the pressure causing fluid .ection from the meterrn, 

Unions of gas pu.se 4, feeders are se„cted so ,h„ the ejection of „ q u,d from *e, 
,0 does not sufficient,, reheve the gaspressure.o premature,, end ,he„,u,d e,ec„on 



process. 
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In one embodiment, the structures housing the metering capillaries 1 4 as 
illustrated in Figures 2A - 2C can prctm.ie into the reagent fill channel 12 and away from 
the bulk of the flat surfaces of the lower surface of third layer 23 forming upper mesas 15 
and lower mesas 16. The upper mesas 15 of the metering capillaries 14 protrude into the 
^ reagent fill channel 1 2 and thereby minimize the amounts of residua! liquid in the reagent 
fill channel that can be inadvertently ejected by gas pressure. The lower mesas 16 
minimize the amount of fluid diverted to flow along the bottom surface of the third layer 
23. The upper and lower mesas as shown in the illustration are labeled "upper" and 
"lower" only for a matter of convenience. In some embodiments, mesas can be designed 
10 to have differing orientations. 

In another embodiment illustrated in Figures 3A-3C, a liquid dispensing device 
190 atso has the first layer 121, second layer 122 and third layer 123 like that of the liquid O 
dispensing device 90A shown in Figures 2A-2C. The three layers of the liquid dispensing 
device 190 also have their component structures as in Figures 2A-2C such as gas pulse 
15 channel 140, gas pulse feeder 141, reagent fill channel 1 12, metering capillaries 114. 
Assay plate 130 with reaction wells 131 can be reversibly attached to the liquid dispensing 
device. However, the third layer ("capillary metering plate") 123 housing the metering 
capillaries i 14 illustrated in Figures 3A-3C does not form mesas. The three panels, 3A. 
3B and 3C illustrate a dispensing liquid 1 50. 
20 In seme embodiments, the surface areas surrounding the inlets and outlets of 

metering capillaries (e.g., 14 or 1 14) are not susceptible to wetting. For example, these 
areas can be treated with a reagent that modifies the surface wetting properties of the 
surface material. ^ 

Figures 4-6 represent schematic drawings of a liquid dispensing device 290 with 
25 assay plate attached as viewed from different angles to show relative positions of various 
structures and their relationship to each other. Figure 4 is a schematic drawing of the 
liquid dispensing device with assay plate attached when viewed from the bottom. Figure 
5 is a schematic drawing of the liquid dispensing device 290 with assay plate 230 mourned 
on a fixture platen 201 , where the liquid dispensing device 290 is viewed from the side of 
30 the long axis of the reagent fill channel 212. Figure 6 is a schematic drawing of the liquid 
dispensing device with assay plate 230 mounted on a fixture platen 201 when the liquid 
dispensing device 290 is viewed from the side of the long axis of the gas pulse channel 
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«u A r,rcr laver *>21 second layer 222, and 
channels 240 are arranged at nght angles * - «~ « ^ 

5 p, , „«, the latter volaleteavem , 32 as can be seen in figure 6.0 serve 

Each well 23 1 in the assay plate has a vem . - - * 
as an outlet for excess gas or lioutd during operation of the ,i,uid dtspensmg dev.ce ^ 

L ,inu,d dispensing device 290 with the assay plate 230 is counted car. have ven, slots 
,0 for venttng fluids from the vems 232. ^ ^ 

1„ the illustrated embodiment, reagent fill channel .1.2 o 
feed traets 2, 1 and one or more excess fluid outlets 2,3 (shown ,n figure ». The »c« . 

■ a w^O For example. .the.liquid evacuation channels 

illustration, the gas pulse channels 240 are arrayed A „: r « wfflb e 
this , lk e other Ulustrated features ,s no, a retirement; other destgn cho.ceswtll 
lp p. r e„,to,hoseofordi„a^s k iUh,™gb=nefi,of.htsd,sc ! osure 

Figures 4 and 5 also - » « 

m channels 212™ the second layer 222 are 300 ,» »d= by 100 m < P 
25 capites 2,4 ,n the third layer 223 have a untform length of 2. mm — 
dilter of 2,0 ,m (whtch is. for example. 2 mm in length, <""~££ 

4, is seiected to minimize ,ic,u,d fiow tnto the gas pulse channels Tta « <* 
eac hofhereac„o„.e„s23,in,heassayp,a,e230is,mmh, ""^^ 

.. • . smm Another illustrative embodiment has 1 .:> mm by 1 - oy 
30 pitch between wells is 1 .5mm, Another ^ 
0 3 mm reaction well, In some embodiment, the size o, the reacuo 
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di ^unon system such as is described ,n LISPate 

No lumr^ e. Patent ,\ 0 . 

such as beads. sj.,,J,ei,c product from a sol,d supp on 

5 7 ° r more i ^IXLT.!™ "17! t" a " ,uwin| apparatus haw " s 

*P«"d «r eject™ , nI0 . wel|) u . d " h Sf ** «P«i'y 0 c vo, ume 
"serous reagent fill channels 3 12 .Ww r ' diSPe " SmS device 390 has 

gas pulse c„a„„ e , 3 ,, 0B [hjrdBftr , Fra pulse channe, 340A. 

ftd »y a teagen, „„ m , et 3 , , «' reagem fin channel 31 , is 

' 5 3 «- « teagen, ffl infa , , ^ « * » ' * «- teagen, „„ inlet 

~ by KCBS fl „, d o„„e, s ;, 3 ' soc ;r ,rip,e,s of reaseni 6,1 ■ 

«« ** ou, le , 3 UB, and ,„ ird eyress « «"* 3 1 3A, second 

or a capillary „„„ systera CM , "* " *» ne g a,ive 

«a mp ,e abou, 3 ™, such tha , [he ^ * ** w* can be for 

<™™nere m bodi m e„, for e J " ' "'"^ 

serous reagent m ^ \ ( , ^ 3 «**■ dispensing device 490 has € 

«Sned ,o dispense into 3456 we» s as skT r " ^ "° (d °« ed *», 

«-» Bau.d ,o abou. 3 J ? SUCh " e i " Mra,ed "' U ' d 

«*> by 3 inch substrate. The illustrate, , / '" *" ^ ' X ' M °" * « 
™« «„ channels «, J^T, ^ **• «>° - *» con.ro, 

«. cha„„e,s 4„ ajriir: reasent fi " channe,s ^ Md « 

a " d W P*. channels 440 tie J,"! nUn,er ° US ^ fi!l *nnels 4,2 

-ontrols, for mstance, controls without test 
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fill channels may dispense no test sample but with ^ 
enzyme but w,.h all other assay ^ The sample . 

I„ mother aspect, gas ,s delivered .0 . 
,he„ the second gas pulse channel, «- - « ^ , SKond sas pulS e 

feeder, a , b rd gas p ^ ■ ^ proceed ,» one 

pressurizing segments ot a rea,e uid dispensing 

340 ^ then a second gas pulse eta* ^ 

nsed to open and Cose vaives connected to the g^ource, ^ ^ ^ 

.0 second control reagent f,l, channeU , ^ ^ ^ „ 

2S (shown as dotted lines) formed in one ,eve. of ,h ^ ^ 
the perpendicularly oriented third control reagent fill channels 

cto „e,s formed in a second level of ^t layer. ^ ^ ^ , 

For illustrate purpose, F.gure 10 sW, ^ ^ 

30 as reaction plate composue «00 and assay plate 700. Rea ^ 

aa i Reaction plate composite oOO has eve. j 
U pofsixreactionplates601. Reaction P Likewise the assay plate 700 

we U s 631,thesectorsse P aratedb y 3unct,onseams6,4. L.U 
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evenly sectored reacuonweHs 73, T h e 
™P Meetly wi th the reac , on • e rea «-n wells of the a$say piate ^ 

of ^ *• *> , at would ma ;; 0 1 ~ n p,ate ~ 6oo but ths pomoni 

system, of u s 1 ~ - ~, for exampIe , usjng ^ 

08/5,6,036 fiiedMaySj, , 995 , DIft Nq u ~~~ (Application No. 

Novembers,, ,996 (Diet. No. 12385A) o ,„ 0) ° f App,icatio " No. 08/744,386, filed 
10 matchin, the product J££^T * 600c an De a 

seams 634 mafrh r combinational synthesis Th* ■ 

w match, for example th-a^*^ , tmesis. The junction 

- * .«*». L a : ; r° ed «** ta are 

— * - » d isperse C0 „ Ir0 , we 7 e «~ ™> «. ,ace can be , alsn 

' 5 " «» «" *» ™ w* t0 conduct » ^ ^ «« « ^ 

proce*) use d ,„ an ^ a ; 7 W « - P™.uc, s of. 

**«. ta™^ Fullerton CA ^j***-* too, so, d by ( 

«* * a be* ^ plate h ' 34 w » ^ *• 864 w,l, s „„, 0 I/4 . „ f ,„ e 

^^.-^J^^^****-.* „ 

«•«. *> ,„« „ of of , he * * P*. can be u!td t0 load 

**™ls a s fc traled jn fi w,h ! ™P'* "d con.ro! reag™ fin 
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mhr 4; men ts care is taken to assure 
*. - ^ - - «0 « b. ««. .0 

ultrasonrc <*r»on 10 assure toots, _ . imllar , 0 , te of the 

5 liquid dispensing dev.ce 290 dcscnoed The . thr ee layers of the liquid 

1 1 A** ct^ and ♦hird ayer S2j> 1 ne mrec i* y 
the first layer 821, secondlayer 8., and .«r ^ ^ 

connecting the gas pulse channels 840 and th. 

jr and nvtenng capillaries l\"<- i" 5 - r 
inlets 811, excess fluid outlets o i j, •• and e ach well in turn having 

10 statures of assay plate 830 include o,e pr mo, . ^ ^ 

a ve nt 832. These features, further indu.ng ^ ^ ^ 840 and reagent fill 

channels 812 are aligned in parallel,, _ ^ fiU 

. •„ ,„hi-ch the °as pulse channels ar_.pa»o" 
The embodiment in which ttu s P seauen tial rows from the 

m e.er.ngcap,llanes. The = a ed im0 one of the gas pulse 

*"* " 0CC ::;re w to another the assay plate receives the reagent * a 
stepping ,he pulsed gas from on.ro TWs 5rabodi men, ts des.rable !or 

» ";CIcl*e comity of the off-chip reagent SUP* 

the following reasons: (1) it can espe ciaUy for 

^J»^^°^ u ^ a ^ } ^ 1 ^- 

mstrumentation for kinetic assays _ deUv er a 6 nL volume 

25 <«* * Ch ™ el ° 0 , am e,er - 20%m and length -I J-* « 

a 42 nL volume (with example a metenn= P examp le of a S nL metering 

,engtk - 2.0mm) to mulnple sttes In the -ase oi ^ ^ ^ 

30 rrr:-----^^^ ~ 
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recycled. "» "«°°l>>»* excess fluid M:kt ca „ be 

^ •» recognized ,1a, the ,.. 
•*•» » .he viscosity, C a pillary flow 2 a J Pe " SmS deii « « manufactured ,o 

5 , U eo U sso,I sor !:!T hVS T Ch ^-— ^ laisof 

**. be approve fOT d , ipe J' M " S F» e*am,e. , ^ 

*■**» channels can be used f or , " "*« **■ * * 

.o faWca et ■ T MnS ^ **« 

^-e,o raicro . fabnca: , M »-« »w A preferred material is 

—* - « ^ chem,cal, J ed ^ *«■ * ~* formed of a 
. »* or .oo,s made f rom thest ^ °" "** *» «- or replicated from 
' ' ^ *o„, doped s „ icon , or 0 , y ^ ° °™ «» — —res, „ as gte 

« *— of a moidable piastic sue a ^ ^ 'avers 

'-^ethylene poller, ^ d ""'^ « T -~ 

"* - Propylene or T*„™ ; "* * -* <*» «- be p,as,,cs 
-*» UP A. device ,s from about I o I **~ *» « 

20 ' 5"~u,,0mn, ™ '"^ 6 °~ Preferably fr om abou , 

To fabricate a device of th* ■ 

-compiished by etchi„ g ,ech„ ioues such ' »*«*. can be 

«"* *■«* by laser ablauon and ,n oar, r0UShened P ™ r '° «»* 

■*» a, which , he outbreak ^ t J* « preferred to rou s „ e „ ,„ e s ,de ^ 

««*g tat occurs a, the outbreak site I " '™ "* ^ 

* Sround and p 0lished F0 "° W "=° the rough surface can 

fine features are dKiredhi , 
;-ch.„ e are P referred. ^^^^^^c^ 
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spaces of the * ^ "< _ of , he v , qui d dispense dev., ^ 

s ^^^.^^^KU,^- 

example usmg the anod.cbondmgtecnnn. ^ No (Thls paten. ,s 

(Ap p„catio„ No. 0,74,7*. M Nov» « ■ ^ ^ ^ — ca „ be 

used, for example to jom plates ot = ia 



, Dkt. No. 1 1402U). ncated 

H.vice of the inventions plasuc, molding tools 

To fabneate a dev.ee ^ ^ ^ reverse 

^^-^.e same ^^^^ 

in a further aspect of the. invention, m sm The alignment 

margins of the lower surfa £ * * ^ ^ ma(kers sl ,ch as 

assay plate. The ahgnment markers m v ote ro artos such as 

20 notches, mesas, ndges, furrows, pins or , ^ The diiTeI e M alignment 

m agnet,c, electneal or optical markers ma> a ^ ^ 

™maFk^b^«^^^ 

otth e U,uid dispense devices are a a ^ ^ ^ 

assay pla.es such that several assay W » ^ ^ ,„ , 

sequential fashion or a single pl«e car. 

then with a second device c „,,„ w an alignment detection device for 

The alignment detection mechanism fcrther ha, a. 
determining the relative posit.ons of the , etection de.ee prefer* 
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• « mrkm ofa ,, uid ~ the plales lvlIh 

tW— detection devtce ' " S aft " *. d a ,a from „ le 

The present invention ic fi,«u 

T be l.ouid dispsming d«^Ti~~^ 
*« ^.stant borosj|icate •-*>*- - . is fabricated „ fo , low A 

™ «* by ,50 Mm deep) AJ , " "*« ""**« 8- P u,se channels 540 (4 50 ' 

'* etched on its bottom surface lo form iv,! parafei ^ ^ ' ° ^ 30 rai,) 
» <00 „ dee P) . At , he £nds o ° W * ~W " *n„e,s 5 , 2 (300 tin] 

** Unlets 54^00^1 above, hefir!t 
" « etched ,„ro us h the SKOnd 2> " «- P- f«ders 54, <* , m dlameKr) 

, CT ~ns « ■» ^ fctratior, 0^1'^ "** 5 '« «*» * 

- . Md anodically bondtd ; - *« ,,„, werc aligned as infa[ 

° **> » applied b y e raporation „ nder * "» *" ' *« ^ „m 

"* side of the second gla! s ^T? ^ °*'«°"> » - 

«*» *• -derside of the fa, s , ass ^ ^ - «*. is .hen m a ,ch ed 

Pta « One* a„ ofally bMded hC *'« ™ bonded. The 

«*» of*e me„ ri „ s ^ ^ is an ,n dl ca ti on of the 

™™b y o, mmd ee P)ofanassayp j; ;; h ;--»^«i , mmby , 

P,1U «*- —Pi, .he P , at e, raV e r s ing ho|es u 

Metering ca ppilarjBMdms 

5 ° «h b y 40 mil) by reactjre • fc - °" and in a silicon P la,e p. 5 lnch 6y 

Pboto»ranh„f achln S US '"S an electric field f-.,,. . 

°--Pbo fa ,o pv ,e wofa6 ^ebAshowsa 

i-OOfmhtghmesainwhichaTS^^ 
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hole has been laser dr„,ed. F, S ure I3B shows a. obh,ue ,ew of four of the mesas^own 

tectalq ues were use, ,0 a- ,00 ^ ,,de areas ««- ■» • was 
photoresist .ay*) centered a, the annate* iocation of the mesas. A* e.ect„c fMd 

f t h, mesas The resulting mesas are those pictured m Figures 1 , A- 
through the tops of the mesas. inci« =, 

While ,his invention has been descnbedwuh an emphasis upon preferred 

0 embodiments it »„ be obvious to those of ordinary skiU in the art tha, vanauons » the 
Zddev;ces M dme,hodsma y beuscdand,h a ,itisin,endedthat,he,nven„o n ma S 

be practiced otherwse than as specifically described above. 
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What k rhin^ 

1 A liquid dispensing device thr H^ii- w - j 
comprising: ^ defined vo,um « of a liquid 

(a) a reagent fill channel; 

5 *~ - 4 „• ;i;:r me,erins ^ <~ » - — . 



2 The liquid dispensing device of rlai™ i u • 
'« - metenng capi , lane ^ s ' ^ ^ 3 — — 

1 5 at the exit, or f orms mesas in- 0 ,„ ^ Channei ' or a m ^ 

orms mesas m t0 the reagent fill channel and at the * 



at 



exit. 



J - The liquid dispensing device oTfcin, i 

«*« 01 channeb connected ,„ ~ " COTPnS,nS M ° " ™ re said 
<*P™* devic is adal <* Md 

» «*« 1' ' SPMSe " a ^ "«". - °< more 



The liquid dispensing device of Phim i * u 



The liquid dispensing device of fiaim j u 
«— are „ ^ gas ^ * ^ 4 ' *™ <» « ™ °^ 
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7 An aliquoung apparatus comprising: J ,. .. 

(I) af , t s, 1 , t ,u, t ldisp e ns i n S < i ev,«ofd a , m landas e cond 1 ,c 1U ,<i 

Irate receives f ™ *• te - SOT " d ' iqU,i d ' SPe 3 

, The aiiquoung apparatus of 7. wherem ,h. first and second hqu.d 

,0 operate wHh rece,v,„g substrates fcv* ~— « ^ 

alignment markers. 

" o The acting 8 ^ * re '" *' f,r " ^ SKOnd " ,U ' d 
15 markers. 



10. 



The aliquot apparatus of claim 8, further comprising 



muling u rr . i • 

(3) a „ aliment de t ec„ 0 ndev,cefo, dining t hereU„omh,p 

u , „„ .ither the first or second liquid dispensing system and 
20 the alignment markers on a receivn^ 

_ ,^1' A y^Mus* * alignment 'ata from the aliment 

detecon devtce and operating the motorized transfer device to tmprove the ahgnmen, 



data. 



25 



, , A method of dispense two o, more ,i,u,ds ™ - or more mixrng st.es 
on a receiving substrate comprising: >. n f rlaim 1 

■ww • ;«a substrate aliped with the first liquid dispensing dev,ce; 
with the receiving substrate c\\ s i«m 
J0 oi, dispensing, from the f.rs, houid dispense devtce. a firs, hqu 

the two or more mixing sites, 
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(«») moving the receiving subst™* ■■ 

dispensing device; and ^ W ' th the seco "d liquid 
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